Objective: To assess the prospective relationship between obesity and health-related quality of life, including a novel assessment of the impact of health-related quality of life on weight gain. Design and setting: Longitudinal, national, population-based Australian Diabetes, Obesity and Lifestyle (AusDiab) study, with surveys conducted in 1999/2000 and 2004/2005. Participants: A total of 5985 men and women aged X25 years at study entry. Main outcome measure(s): At both time points, height, weight and waist circumference were measured and self-report data on health-related quality of life from the SF-36 questionnaire were obtained. Cross-sectional and bi-directional, prospective associations between obesity categories and health-related quality of life were assessed. Results: Higher body mass index (BMI) at baseline was associated with deterioration in health-related quality of life over 5 years for seven of the eight health-related quality of life domains in women (all Pp0.01, with the exception of mental health, P40.05), and six out of eight in men (all Po0.05, with the exception of role-emotional, P ¼ 0.055, and mental health, P40.05).
Introduction
An obesity epidemic is present in most developed as well as developing nations. The consequences of this for individuals include a significantly higher risk of obesity-related disease, and a resulting economic burden related to both higher healthcare costs and decreased productivity. [1] [2] [3] [4] The impact of obesity on overall physical and mental well-being has also been clearly established, with consistently lower scores on scales of health-related quality of life in obese individuals. [5] [6] [7] [8] [9] This has been evident even among obese individuals without chronic disease. 5 Health-related quality of life may also plausibly impact weight status, with a reduction in the physical quality of life domains likely to affect energy expenditure through physical activity levels and time spent sedentary. Mental health domains may impact energy intake, with links between eating behaviour and emotional state, body dissatisfaction and self-esteem having been established previously. [10] [11] [12] In related fields, strong evidence exists linking depression and weight gain (and vice versa), 13 and some research has suggested a link between health-related quality of life and development of both stroke and diabetes. 14, 15 Despite this, we are unaware of any evidence linking health-related quality of life and future weight gain. The possibility that health-related quality of life might be associated with weight gain is of obvious importance given both the high and rising numbers of overweight and obese individuals across the world, and the relevance of health-related quality of life to all individuals. The national, longitudinal Australian Diabetes, Obesity and Lifestyle Study (AusDiab) included assessments of both healthrelated quality of life and obesity (using measured height, weight and waist circumference) at two time points. Using data from this large study of the adult Australian population, we examine here the potential bi-directional relationships between health-related quality of life and obesity.
Methods

Survey procedures
The study methods and response for the AusDiab study have been described in detail elsewhere. 1, 16, 17 Briefly, the study was a population-based, national survey of 11 247 adults (5049 men and 6198 women), aged X25 years, conducted from 1999 to 2000 (involving 55.3% of those completing a household interview). The sample was drawn from 42 randomly selected clusters across Australia based on Census Collector Districts and stratified by state. Five years later between 2004 and 2005, 6537 participants (58%) were reexamined. A total of 2789 men and 3350 non-pregnant women had data on anthropometric measures and healthrelated quality of life at both time points. Of these, 154 individuals reported a cancer other than skin cancer in annual follow-up surveys between the baseline and followup surveys, and were excluded, leaving a total of 5985 AusDiab participants available for these analyses. A comparison of the profile of responders and non-responders to the AusDiab follow-up survey has been published previously, with differences in several physiological and socio-demographic characteristics, but not body mass index (BMI), observed between responders and non-responders. 17 After adjustment for age and sex, the responders also had higher quality-of-life scores (both mental and physical component summary, Po0.0001). Height was measured to the nearest 0.5 cm without shoes, using a stadiometer. Weight was measured to the nearest 0.1 kg using a mechanical beam balance. Waist circumference was measured halfway between the lower border of the ribs and the iliac crest, on a horizontal plane. 18 21 helps to account for cultural differences in the way in which health and health-related quality of life are viewed between populations. 22 Based on the 36 included items, scores were calculated for each of eight domains (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, roleemotional and mental health). 20 'Role-physical' and 'roleemotional' refer to the presence of problems with work or other daily activities as a result of physical health and mental health, respectively. Summary measures of the physical and mental components of the survey were also calculated based on a factor analysis of the eight domains among participants in the 1995 National Health Survey, as previously reported. 21 For participants living in family units, individual income was calculated using a modified version of the Organisation for Economic Cooperation and Development (OECD) equivalence scale to adjust for the number of adults and children in the household. 23 The highest level of education attained was measured by a self-report questionnaire (categories included 'never attended school', 'primary school', 'some high school', 'completed high school' and 'University/ TAFE'). Alcohol consumption (g day À1 ) was estimated from a self-administered, validated food frequency questionnaire developed by the Anti-Cancer Council of Victoria, 24 as reported previously. 25 A 75-g oral glucose-tolerance test was completed at baseline and follow-up for assessment of incident diabetes, with diabetes classified as previously described by Magliano et al. 26 Incident cardiovascular disease (heart attack, stroke, coronary artery bypass graft or angioplasty) was assessed by physician adjudication of medical records as previously described). 27 Self-reported television viewing and physical activity time (leisure time physical activity measured using the Active Australia survey) 28 over the last week were assessed as previously described using validated tools. 29 The AusDiab survey protocols were approved by the ethics committee of the International Diabetes Institute and Monash University's Standing Committee on Ethics in Research involving Humans (SCERH). Informed consent was obtained from all participants at both baseline and follow-up surveys.
Statistical methods
Scores for each of the health-related quality of life domains were divided into tertiles (for sex and 10-year age groups), with the exception of role-emotional, role-physical and -statistics were used. Mean changes in BMI, waist circumference and in each of the health-related quality-of-life domains were calculated. The effect of BMI on change in health-related quality-of-life measures was estimated in sex-specific models containing linear terms for both variables. Similarly, the effect of health-related quality of life on change in BMI was also estimated in sex-specific models containing linear terms for both variables. In all models assessing change in either BMI or health-related quality of life, the respective baseline variable was included in order to model the change, as suggested by Vickers and Altman. 30 The estimated marginal mean change in BMI or healthrelated quality-of-life domains, stratified by health-related quality-of-life categories (tertiles or dichotomous categories) and the normal, overweight and obesity categories of BMI, respectively, was reported. All analyses were repeated using waist circumference instead of BMI (reported in an onlineonly appendix). The sample was divided into those whose BMI increased and those whose BMI was stable or decreased (change in BMIp0 kg m
À2
) between baseline and follow-up. For these two categories, change in the physical component summary for different categories of BMI at baseline was calculated.
Variables that may affect both weight and quality of life were considered for inclusion in the models tested. Significant predictors of change in either BMI or health-related quality of life that were included in all regression models included baseline age, sex, smoking status, education level and income. Chronic diseases that may affect both quality of life and weight include diabetes and cardiovascular disease. We repeated the analyses after the exclusion of those with these incident conditions; however, the reported findings were not materially different. An indicator of incident cases of both conditions was, however, a significant predictor of change in both BMI and health-related quality of life, and was also included in all models. Alcohol consumption was not a significant predictor of change in either health-related quality of life (any of the eight domains, or the component summaries) or BMI, either entered as categorical or linear terms, in sex-specific multivariable models and was therefore not included in any analyses presented here. The effect of television viewing time and physical activity time on the relationship between baseline quality of life and change in BMI was tested with the addition of these variables to the multivariate model.
Results
Cross-sectional associations between obesity and health-related quality of life The descriptive statistics of the cohort and cross-sectional associations of demographic and health-related quality-oflife characteristics with BMI categories are presented in Table 1 . Strong cross-sectional associations (Po0.0001) were evident between BMI categories and the physical functioning, bodily pain, general health and vitality domains, as well as the physical component summary, in both men and women. Associations were also seen in women only between BMI categories and the role-physical, social functioning and role-emotional domains (Po0.0001). Mental health and the mental component summary showed no cross-sectional relationship with BMI categories.
Baseline BMI and change in health-related quality of life Higher BMI at baseline (modelled as a linear effect) was associated with a greater reduction in health-related quality of life over 5 years for seven of the eight health-related quality-of-life domains in women (all Pp0.01), and for six out of eight domains in men (all Po0.05). The exceptions were change in the role-emotional domain in men, for which a borderline association with baseline BMI was present (P ¼ 0.055), and change in the mental health domain, which was not associated with baseline BMI in either men or women. Change in the physical component summary (Po0.0001 in both sexes), but not the mental component summary, was also associated with baseline BMI. Figure 1 shows that a gradient in change in health-related quality of life was seen from normal to overweight and obesity for most domains, with the difference between the normal and overweight categories being significant for the bodily pain domain (men P ¼ 0.002, women P ¼ 0.018) and the physical component summary (men, P ¼ 0.003; women, P ¼ 0.038) in both men and women.
Baseline health-related quality of life and change in BMI Over 5 years, BMI increased on average by 0.88 kg m À2 in men and by 0.70 kg m À2 in women. Each of the quality-oflife domains related to mental health (modelled as linear effects) as well as the mental component summary were inversely associated with change in BMI over 5 years (all Po0.0001 for women and Pp0.01 for men), with the exception of vitality, which was significant in women only (P ¼ 0.008). For the physical domains, change in BMI was inversely associated with baseline general health in women only (P ¼ 0.023). After additional adjustment for variables
Obesity and health-related quality of life AJ Cameron et al reflecting television viewing and physical activity time (to test for any mediating effect), this relationship was not attenuated. In men, a borderline inverse relationship was apparent between both baseline bodily pain and general health, and change in BMI (P ¼ 0.056 and P ¼ 0.080, respectively). Figure 2 shows that the relationship between healthrelated quality of life at baseline and change in BMI was not as clearly 'dose-dependent' as that between obesity at baseline and decreasing health-related quality of life. Only those in the lowest health-related quality-of-life category at baseline had significantly greater increases in BMI over the following 5 years.
The sex-specific results for the associations between categories of health-related quality of life and categories of both BMI and waist circumference are presented graphically in an online-only appendix (Supplementary eFigures 1-4) . Broadly similar results were seen for both waist circumference and BMI in men and women.
Effect of weight gain or loss on the relationship between baseline BMI category and change in health-related quality of life The estimated marginal mean change in both the physical and mental component summary over 5 years was assessed separately for those whose BMI was stable or decreased, and those whose BMI increased. A greater decrease in the physical component summary was seen among those whose weight increased over the follow-up period compared with those whose weight was stable or decreased (À1.32 (95% confidence interval: À1.52 to À1.10) versus À0.48 (À0.83 to À0.14), Po0.0001). The change in the physical component summary for those who were normal, overweight and obese at baseline and stratified by weight change status (increased or decreased/stable) is presented in Table 2 . An association between BMI category and estimated marginal mean change in the physical component of health-related quality of life was only seen for those whose BMI increased between baseline and follow-up, suggesting that the relationship between baseline BMI and decreased health-related quality of life over the course of the follow-up was largely seen among those whose BMI increased in that time period (69.8% of the cohort). The estimated change in the mental component summary was not different among those whose weight increased or decreased over the 5 years of follow-up.
Effect of age on the relationship between BMI and health-related quality of life After dividing the cohort into those aged less than 65 years and those aged 65 years or over, the bi-directional associations between body weight and health-related quality of life were assessed.
Comparing obese individuals to those with normal weight, the greatest differences in change in each of the physical functioning (PF), role-physical (RP), vitality (VT), Table 1 Cross-sectional associations of demographic and health-related quality-of-life characteristics with BMI categories at baseline Obesity status had a similar effect on change in bodily pain (BP) and general health (GH) scores in both age groups (BP:
Examining changes in BMI by tertiles (or halves) of health-related quality-of-life domains, age-related differences were observed for the bodily pain, social functioning, role-emotional and mental health domains.
Comparing the top and bottom tertiles of bodily pain, the greatest differences in BMI change were observed in those aged 65 years or over (o65 ¼ À0.037 (P ¼ 0.638), 65 þ ¼ 0.313 (P ¼ 0.045)). For each of social functioning, role-emotional and mental health, the greatest differences were observed among those aged less than 65 years (SF:
Discussion
In this longitudinal analysis of a large Australian cohort of adults, we present evidence of the association between obesity and reduced health-related quality of life. Importantly, we found reduced health-related quality of life to be not only a consequence of obesity as has been observed previously, but also a predictor of weight gain. This bi-directional association, with each predicting deterioration in the other, highlights the complexity of the relationship between weight and health-related quality of life. Further complexity is evident from our observation of a much stronger relationship between baseline BMI and deterioration in health-related quality of life among those who gained weight over the follow-up period (over two-thirds of the cohort). The baseline BMI of those whose weight was stable or decreased over 5 years was not associated with deterioration in health-related quality of life.
Several previous cross-sectional and prospective studies have shown obesity and/or weight change to be related to deterioration in health-related quality of life in both men and women, with many of these studies using the SF-36 questionnaire, as used here. 9, [31] [32] [33] [34] [35] [36] [37] Most studies have concluded that obesity is related more strongly to physical rather than mental health domains, 37 including a recent large, cross-sectional Australian study that found little Obesity and health-related quality of life AJ Cameron et al difference in the mental component summary between obesity categories after adjustment for demographic and socio-economic factors. 7 We also found a strong and graded relationship between obesity and the physical components of health-related quality of life. However, unlike many previous studies, a clear relationship was also seen between obesity and some components of mental health. The influence of health-related quality of life on subsequent weight gain has to our knowledge not been reported previously. For six of the eight health-related quality-of-life domains, those in the lowest category at baseline had a significantly greater increase in weight over the ensuing 5 years. In contrast to the association between obesity and deterioration in health-related quality of life (most evident in the physical domains), increase in weight was greater for those in the lowest category of the mental health domains (role-emotional, mental health, social functioning and the mental health summary score).
Plausible mechanisms exist linking health-related quality of life and weight gain. Reduced physical (or indeed social) functioning may be linked to increased BMI through a reduced capacity or willingness to engage in physical activity and increases in sedentary time. Our observation of no change in the association between either baseline general health or vitality with change in BMI (in women) upon inclusion of variables for television viewing and physical activity time is not supportive of this hypothesis; however, the measures of sedentary behaviour and physical activity used here do not capture workplace sedentary behaviours or transportation. Components of quality of life aligned to Obesity and health-related quality of life AJ Cameron et al mental health may be linked to weight gain through psychological pathways related to body dissatisfaction and self-esteem, 11, 12 and/or through eating behaviour related to emotional state. 10 Physiological links between weight gain and both the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system ('stress centres') have been suggested as being responsible for the link between depression and weight gain, 11, 13, 38 with a similar process being potentially responsible for the strong relationship between the mental health components of health-related quality of life and weight gain seen here. The complex interactions of behavioural and physiological, as well as genetic, factors that are responsible for weight gain may differ for particular health-related quality-of-life domains. A particularly interesting observation from our analysis was that baseline BMI was associated with decreases in the physical components of health-related quality of life, whereas it was the mental health-related components at baseline that were associated with weight gain over the follow-up period. This suggests that the bi-directional association observed was not simply a circle of the same two factors, further strengthening the validity of the finding relating quality of life at baseline to weight gain. We also observed that the relationship between health-related quality of life and body weight was at least partially agedependent. An effect of age on the association between obesity and various other health outcomes (the metabolic syndrome and its components) has also been observed previously. 39 Using an instrument designed to assess weight-specific effects on quality of life (Impact of Weight on Quality of Life-Lite (IWQOL-Lite)) among an overweight and obese population, the association between obesity and quality of life was also shown to vary with age. 40 In a study of those over 65 years, both underweight and obesity were found to be associated with impaired health-related quality of life. 41 Hopman et al. 42 showed in a population-based adult Canadian sample that, whereas mean changes in healthrelated quality of life over a 5-year period were small, changes were larger in older age groups, and for physically oriented domains. In our study, the effect of baseline BMI on change in health-related quality-of-life domains was generally stronger in those aged over 65 years, whereas the effect of baseline health-related quality of life on change in BMI was generally stronger in those aged less than 65 years. Two notable exceptions were the observations that obese individuals had greater reductions in social functioning than those with normal weight only in those aged less than 65 years, and that bodily pain at baseline was only associated with increased BMI in those aged over 65 years.
The clinical relevance of the findings presented here bears some scrutiny. Due to the large sample size of the study, small changes in either health-related quality of life or BMI may be statistically significant. The magnitude of the observed changes in each of the health-related quality-oflife domains and BMI are not extremely large (approximately 0.3 BMI units and 2 points for health-related quality of life). The changes reported are over 5 years and may be clinically relevant when the number of years in a lifetime for which an individual is overweight or obese, and over which individuals gain weight, are considered. Furthermore, as the health-related quality-of-life scores were based on Australian norms, it is difficult to compare these results with the published minimal clinically important difference levels.
Study limitations and considerations
As the AusDiab study was large, national and populationbased, the results presented here are likely to broadly reflect the association between obesity and health-related quality of life in the adult Australian population. Non-response and loss to follow-up, however, mean that we cannot assume that the results are completely representative of all Australians. Measured height, weight and waist circumference at both time points in this study means that bias related to obesity measurement is likely to be minimal. We used version 1 of the SF-36 questionnaire here, which differs somewhat from version 2 that was designed to be more easily understood, result in less missing data and improve the sensitivity of the role-function scales, as well as improving cross-cultural validity. 22 Some studies show meaningful differences between the versions whereas others do not (reviewed in reference Hawthorne et al. 22 ).
The similar results seen for both BMI and waist circumference suggests that the relationship between health-related quality of life and both abdominal and general obesity is similar. Although we included gold-standard measures of incident diabetes and cardiovascular disease, a limitation of this study is that we did not assess the presence of other relevant chronic diseases that may have affected both quality of life and weight change, (such as HIV, thyroid conditions, osteoarthritis and depression). Differences between men and women in responses to questions addressing mental health status may also have impacted the findings, although similar trends were observed for both sexes.
Although the SF-36 questionnaire is designed for use in any population, other health-related quality of life tools exist. Use of the IWQOL-Lite questionnaire, which was developed specifically to measure the impact of weight on health-related quality of life among persons being treated for obesity, 43 has shown that other elements of the broader concept of quality of life are also related to obesity. Specifically, mean scores for self-esteem, sexual life, public distress and work domains have been shown to vary according to BMI level. 44 Whether such measures are also predictive of changes in BMI, and among non-obese individuals, will be an interesting topic for future studies.
Conclusion
Together with the widely recognized health and mortality consequences of obesity, 1 the negative consequences of
Obesity and health-related quality of life AJ Cameron et al obesity are further highlighted in this report of an association between BMI and deterioration in both physical and mental health components of health-related quality of life. With approximately 60% of adult Australians either overweight or obese, 45 and similar figures in many other developed countries, 46 it is clear that the obesity-related burden of diminished health-related quality of life is substantial. Our observation of a link between health-related quality of life and weight gain adds an important new insight to this complex relationship. Poor health-related quality of life (particularly related to mental health) can be considered a risk factor for future weight gain. The identification of those with poor health-related quality of life may be important in the assessment of the risk of future weight gain, and a focus on health-related quality of life may be beneficial in weight management strategies.
